Experimental Section General
Melting points were recorded on an Electrothermal digital melting point apparatus and were uncorrected. IR spectra were recorded on a Bruker Tensor 27 spectrophotometer.
1 H NMR and 13 C NMR spectra were recorded on a Bruker 400 MHz ( 1 H NMR) and 400 MHz ( 13 C NMR) spectrumeter using CDCl3 or DMSO-d6 as solvent and TMS as internal standard. EPR spectra were recorded on a Bruker EXM-10/2 spectrophotometer. UV spectra were recorded on a UV1102 spectrophotometer. Raman spectra were recorded on a Horiba Jobin Yvon LabRam HR800 spectrophotometer. High resolution mass spectra were obtained using GCT-TOF instrument with ESI source or EI source.
Typical procedure for benzothiazine of K 2 S with enaminones
A mixture of enaminones 1 (0.5 mmol) and K2S 2 (0.6 mmol) and DMF (3 mL) were added into a flask and stirred at 110 o C under Ar atmosphere. Then the mixture was vigorously stirred under reflux conditions monitored by TLC analysis (about 12 h). After removing the solvents in vacuo, the residue was directly purified by flash column chromatography by using ethyl acetate and petroleum ether as eluents to afford pure product 3.
Typical procedure for 2-aryl -4H-thiochromen-4-one Derivatives of K 2 S with 2'-bromochalcones
A mixture of 2'-bromochalcones 4 (0.5 mmol) and K2S 2 (0.6 mmol) and DMF (3 mL) were added into a flask and stirred at 110 o C under Ar atmosphere. Then the mixture was vigorously stirred under reflux conditions monitored by TLC analysis (about 12 h). After removing the solvents in vacuo, the residue was directly purified by flash column chromatography by using ethyl acetate and petroleum ether as eluents to afford pure product 5.
EPR Studies of Interaction between K 2 S and DMF
A dried tube equipped with a stir bar was loaded with K2S (0.50 mmol) in 3.0 mL DMF was stirred at 25 º C. After 30 mins, the solution sample was taken out into a small tube and analyzed by EPR. EPR spectra was recorded at room temperature on EPR spectrometer operated at 9.852 GHz. Typical spectrometer parameters are shown as follows, scan range: 1000 G; center field set: 3400 G; scan time: 35 s.
EPR Studies of Interaction between K 2 S and H 2 O
A dried tube equipped with a stir bar was loaded with K2S (0.50 mmol) in 3.0 mL H2O was stirred at 25 º C. After 30 mins, the solution sample was taken out into a small tube and analyzed by EPR. EPR spectra was recorded at room temperature on EPR spectrometer operated at 9.852 GHz. Typical spectrometer parameters are shown as follows, scan range: 1000 G; center field set: 3400 G; scan time: 35 s.
UV spectra Studies of Interaction between K 2 S and DMF
A dried tube equipped with a stir bar was loaded with K2S (0.50 mmol) in 3.0 mL DMF was stirred at 25 º C. Then, the solution sample was taken out into a small tube and analyzed by UV spectrometer operated. Typical spectrometer parameters are shown as follows, scan range: 400 nm; wavelength from 400 nm-800 nm; Scan speed: 800 nm/min UV spectra Studies of Interaction between Na 2 S, S and DMF A dried tube equipped with a stir bar was loaded with Na2S (0.50 mmol), S (0.50 mmol) in 3.0 mL DMF was stirred at 25 º C. Then, the solution sample was taken out into a small tube and analyzed by UV spectrometer operated. Typical spectrometer parameters are shown as follows, scan range: 400 nm; wavelength from 400 nm-800 nm; Scan speed: 800 nm/min Raman spectra Studies of Interaction between K 2 S and DMF A dried tube equipped with a stir bar was loaded with K2S (0.50 mmol) in 3.0 mL DMF was stirred at 25 º C. Then, the solution sample was taken out into a small tube and analyzed by Raman spectrometer operated. Typical spectrometer parameters are shown as follows, scan time: 50 s; wavelength 632.8 nm.
Raman spectra Studies of Interaction between Na 2 S, S and DMF
A dried tube equipped with a stir bar was loaded with Na2S (0.50 mmol), S (0.50 mmol) in 3.0 mL DMF was stirred at 25 º C. Then, the solution sample was taken out into a small tube and analyzed by Raman spectrometer operated. Typical spectrometer parameters are shown as follows, scan time: 50 s; wavelength 632.8 nm. 154.43, 137.16, 127.36, 126.93, 125.02, 120.34, 116.19, 97.03, 50.20, 41.73, 31.97, 28.08 26, 153.74, 133.93, 133.74, 127.08, 126.80, 119.73, 115.61, 96.06, 49.69, 41.25, 31.46, 27.60, 19 .98 ppm. HRMS (ESI) m/z calculated for C15H17NOS, 259.1031; found 259.1027.
7-methoxy-2,2-dimethyl-2,3-dihydro-1H-phenothiazin-4(10H)-one (3c)
Yield=88%. Yellow solid. M.p. 270. 1-273.3℃. IR 3242, 3031, 2965 1-273.3℃. IR 3242, 3031, , 1604 1-273.3℃. IR 3242, 3031, , 1561 1-273.3℃. IR 3242, 3031, , 1478 1-273.3℃. IR 3242, 3031, , 1355 1-273.3℃. IR 3242, 3031, , 1070 . 1 H NMR (400 MHz, DMSO-d6) δ 8.83 (s, 1H, N-H), 6.50 (d, J = 8.5 Hz, 1H, Ar-H), 6.44 (dd, J = 8.7, 2.7 Hz, 1H, Ar-H), 6.37 (d, J = 2.7 Hz, 1H, Ar-H), 3.63 (s, 3H, -OMe), 2.19 (s, 2H, -CH2), 2.13 (s, 2H, -CH2), 0.99 (s, 6H, -CH3).
13 C NMR (101 MHz, DMSO) δ 187. 97, 156.16, 153.60, 129.46, 121.48, 116.64, 112.09, 111.42, 94.88, 55.24, 49.69, 41.25, 31.45, 27 .61 ppm. HRMS (ESI) m/z calculated for C15H17NO2S, [M+H] + 276.1058; found 276.1052. 40, 154.00, 138.85, 131.22, 128.19, 124.36, 119.53, 115.54, 97.67, 50.13, 41.65, 32.03, 28 .03 ppm. HRMS (ESI) m/z calculated for C14H14ClNOS, 279.0485; found 279.0482. 154.23, 136.25, 128.25, 126.99, 126.10, 123.12, 117.28, 96.74, 50.11, 41.63, 31.98, 28 .05 ppm. HRMS (ESI) m/z calculated for C14H14ClNOS, 279.0485; found 279.0497. 7,9-dichloro-2,2-dimethyl-2,3-dihydro-1H-phenothiazin-4(10H)-one (3f) Yield=55%. Yellow solid. M.p. 193.2-195.1℃. IR 3270, 2954 M.p. 193.2-195.1℃. IR 3270, , 1588 M.p. 193.2-195.1℃. IR 3270, , 1486 M.p. 193.2-195.1℃. IR 3270, , 1266 14, 154.62, 133.38, 128.32, 127.27, 125.28, 125.23, 120.60, 99.15, 50.09, 41.46, 31.99, 28 125.55, 125.28, 124.96, 124.91, 124.87, 123.53, 123.50, 122.85, 122.14, 115.93, 97.93, 50.10, 41.55, 32.02, 28.01 .86 (ddd, J = 8.0, 6.2, 3.6 Hz, 1H, Ar-H), 6.74 (dd, J = 7.4, 5.5 Hz, 2H, Ar-H), 6.55 (d, J = 7.8 Hz, 1H, Ar-H), 2.36 (t, J = 6.2 Hz, 2H, -CH2), 1.69 (t, J = 6.2 Hz, 2H, -CH2), 1.02 (s, 6H, -CH3).
8-chloro-2,2-dimethyl-2,3-dihydro-1H-phenothiazin-4(10H)-one (3d)

7-chloro-2,2-dimethyl-2,3-dihydro-1H-phenothiazin-4(10H)-one (3e)
2,2-dimethyl-7-(trifluoromethyl)-2,3-dihydro-1H-phenothiazin-4(10H)-one (3i)
13 C NMR (101 MHz, DMSO) δ 194. 31, 154.87, 137.04, 127.28, 126.87, 124.85, 120.36, 115.99, 97.12, 34.06, 25.49, 25.29 86, 158.46, 155.51, 137.09, 135.58, 128.34, 127.41, 126.96, 125.10, 120.32, 116.21, 114.34, 98.19, 55.49, 43.88, 37.35, 35.85 155.46, 143.62, 137.07, 128.99, 127.42, 127.36, 127.18, 126.96, 125.12, 120.32, 116.24, 98.21, 43.59, 38.10, 35.55 38, 152.95, 152.92, 140.93, 137.31, 133.18, 131.10, 130.35, 129.52, 128.10, 127.26, 126.34, 125.99, 122.25, 20 .91 ppm. HRMS (ESI) m/z calculated for C16H12OS, [M+H] + 253.0687; found 253.0685.
9-bromo-2,2-dimethyl-2,3-dihydro-1H-phenothiazin-4(10H)-one (3p)
2-(4-fluorophenyl)-4H-thiochromen-4-one (5c)
Yield=50%. Red solid. M.p. 152. 8-153.9℃. IR 1617 8-153.9℃. IR , 1586 8-153.9℃. IR , 1502 8-153.9℃. IR , 1441 8-153.9℃. IR , 1335 8-153.9℃. IR , 1228 8-153.9℃. IR , 1106 8-153.9℃. IR , 1100 . 1 H NMR (400 MHz, Chloroform-d) δ 8.55 (dd, J = 7.8, 1.3 Hz, 1H, Ar-H), 7.74 -7.54 (m, 5H, Ar-H), 7.26 -7.16 (m, 3H, Ar-H).
13 C NMR (101 MHz, CDCl3) δ 180. 23, 165.13, 162.62, 151.70, 137.04, 132.20, 132.17, 131.30, 130.19, 128.57, 128.49, 128.17, 127.48, 125.98, 122.81, 116.12, 115 .90 ppm. HRMS (ESI) m/z calculated for C15H9FOS, [M+H] + 257.0436; found 257.0442.
2-(4-chlorophenyl)-4H-thiochromen-4-one (5d)
Yield=51%. Red solid. M.p. 160. 8-162.6℃. IR 2161 8-162.6℃. IR , 2028 8-162.6℃. IR , 1629 8-162.6℃. IR , 1589 8-162.6℃. IR , 1485 8-162.6℃. IR , 1327 8-162.6℃. IR , 1088 8-162.6℃. IR , 1010 . 1 H NMR (400 MHz, Chloroform-d) δ 8.55 (d, J = 7.9 Hz, 1H, Ar-H), 7.71 -7.52 (m, 5H, Ar-H), 7.48 (d, J = 8.1 Hz, 2H, Ar-H), 7.24 (s, 1H, -CH).
13 C NMR (101 MHz, CDCl3) δ 180. 21, 151.38, 136.94, 136.71, 134.46, 131.33, 130.26, 129.11, 128.19, 127.77, 127.52, 126.03, 123 .00 ppm. HRMS (ESI) m/z calculated for C15H9ClOS, [M+H] + 273.0141; found 273.0147. 145.26, 138.61, 136.36, 136.29, 131.29, 130.41, 128.81, 128.08, 128.06, 127.34, 126.88, 125.75, 120.82 
2-(thiophen-2-yl)-4H-thiochromen-4-one (5e)
